The purpose of this study was to evaluate the effect of addition of zinc sulfate to conventional and resinmodified glass ionomer restorative materials. The samples were prepared by addition of zinc sulfate to glass ionomer at different concentrations. The samples were tested for fluoride, zinc and aluminum release at different time intervals. The antibacterial activity of the restorative materials was tested at 24 and 48 hours. The hardness and diametral tensile strength were measured at 24 hours and 2 weeks. All materials showed highest initial fluoride, zinc and aluminum release rates during the first 2 to 3 days, dropping quickly over 2 weeks and becoming largely stabilized near the test period. The conventional materials released more fluoride and aluminum than that of resin-modified material. Zinc addition increased inhibition of S. mutans growth without threatens the diametral tensile strength and hardness of the tested glass-ionomer materials. Conventional glass-ionomer showed inhibition activity against S. mutans greater than that of resin-modified materials did. Resin-modified glass ionomer showed no significant difference in the inhibitory action. There was highly positive correlation between fluoride, zinc and aluminum release. Chemically-activated materials showed positive and highly significant correlation between ionic release and antibacterial action, while light cured materials showed no significant correlation. There were highly negative correlation between fluoride, zinc, aluminum released and mechanical properties, i.e., restorative materials with high fluoride, aluminum release have lower mechanical properties. Storage of specimens in water for 2 weeks leads to increased diametral tensile strength and hardness of all materials.
INTRODUCTION
Glass ionomer cements (GICs) are widely used in dentistry because of a variety of beneficial properties. Chemical diffusion-based adhesion to enamel and dentine, fluoride release, biocompatibility with the tooth structure, simple application, esthetic appearance, acceptable abrasion resistance and capacity to be retained on unsupported enamel or non-undercut cavities are some of their favorable properties [1] . The two main reasons that have made GICs very popular are their permanent ionic bond to tooth structure, and their capacity to release fluoride, making them useful materials to replace dentin when used as bases in deep cavities [2] .
Fluoride release is a desirable attribute for a material used in some dental applications. In general, materials that release greater amounts of fluoride have greater caries preventive potential and are desirable, so long as physical and mechanical properties are not adversely affected. Glass ionomers have long been accepted as materials that satisfy these requirements for a number of dental applications [3] . They, however, have disadvantages such as requiring mixing and relatively low fracture strength, so of limited use in stress bearing areas [4] .
*Address correspondence to this author at the Conservative Dentistry Department, Faculty of Dentistry, Umm Al Qura University, Makkah, KSA, Saudi Arabia; Mobile: +966542812148; Fax: 0020502260173; E-mail: imh100@hotmail.com Caries disease still remains a major public health problem despite the widespread use of fluoride and the decline in caries prevalence observed in many countries. Minimally invasive dentistry adopts a philosophy that includes prevention, remineralization and invasive surgical approach. Such integrated approach is necessary because restoring the tooth does not cure the disease, and permanent restorations often need replacement [5] .
Patients having active caries lesions or who are at high risk of caries should receive a comprehensive treatment that arrests all the etiological factors of the disease (e.g. hygiene orientation, diet counseling, fluoride and / or antibacterial use, increase of the salivary flow). The initial procedure also must include a treatment of the cavities with fluoride-releasing filling materials, in order to apply a strong initial shot on the cariogenic micro flora and to prevent the restoration cycle that often leads to recurrent caries lesions [6] .
The property of fluoride release from GICs is well established. It is said to provide anti-caries protection to tooth tissue through increasing tooth tissue resistance to demineralization and enhancing remineralization of the early carious lesion [7] . For this reasons, GICs are often advocated for restorations in caries-prone situations such as root caries. The prevalence of these conditions is increasing as patients are now retaining their natural teeth in old age. Therefore, the need for restorative materials with effective cariostatic properties is increasingly important [8] .
Resin-modified glass-ionomer cements (RMGICs) have both glass ionomer and resin components. In some RMGICs the monomer resins are separate to the polyalkenoic acid molecules, which form the basis of the ionomer. In other materials a number of carboxylic acid moieties from the polyalkenoic acid have been substituted by vinyl groups (C=C). In both cases photoinitiation of the resin components allows the materials to form a working set through the formation of a polymer skeleton. A continuing acid-base reaction establishes the hydrogel matrix of glass ionomers so that the set materials contain both polymer and hydrogel elements. The RMGICs retain an adhesive potential through the carboxylic acid moieties [9] .
The fluoride in the set cement originates from the glass particles, which are eroded, in part, during the setting reaction [10] . According to some authors, F release is the main factor involved in the antibacterial activity of GIC/RMGIC. However, for other authors F may not be responsible for the anticariogenic effect, since greater antibacterial property was found when the liquid of RMGIC was tested alone [11] . On the other hand, there are those who believe that the zinc (zn) present in the GIC could influence the antibacterial activity through its interaction with F [12] .
It is known that zinc occurs in enamel, plaque and saliva. In enamel, Zn has similar distribution to fluoride and lead, with a higher concentration on its surface. When zinc is present in the culture medium, it may inhibit Streptococcus mutans growth and plaque formation [13] . When incorporated into dentifrices and oral rinse solutions, Zn interferes with the following mechanisms: (1) enzymatic metabolism of S. mutans, (2) plaque acidogenicity (transient action); (3) inhibition of plaque mineralization by controlling dental calculus formation (adsorption of a Zn-monolayer on appetite crystal), without counteracting the F benefits [14] .
Aluminum is a major constituent of glass ionomer cements. During mixing and setting, aluminum is released from the glass into the polyalkeonic acid solution. Part of this aluminum may not combine with the polyalkeonic acid, but may be released from the cement. Released amounts of aluminum and fluoride ions were found to be significantly different among the different glass ionomers [15] . The antibacterial activity of aluminum salt solutions against cariogenic microorganisms has been previously reported [16] .
The aim of this study was to evaluate the effects of addition of 5% and 7% by wt. zinc sulfate to conventional and resin-modified glass-ionomer restorative materials, including, fluoride, zinc and aluminum release, antibacterial action at (24 hours and 48 hours), and their mechanical properties (hardness and diametral tensile strength after 24 hours and 2 weeks).
MATERIALS AND METHODS
The materials used in this study were conventional glass-ionomer, G.C.R (Shade A3), chemically cured and resin-modified glass-ionomer, Vitremer (Shade A3), light-cured ( Table 1) . These materials were modified by addition of 5% and 7% by wt. zinc sulfate.
Test of Fluoride Release
Three cylindrical samples were prepared from each material (6 materials; G0, G5, G7, V0, V5, and V7) to produce a total of 18 samples. Samples were prepared in split stainless steel molds of 6 mm diameter and 3 mm thickness. The manufacturers , instructions were followed as closely as possible for mixing using the scopes provided and curing of samples. A thin layer of Vaseline was used to coat the lateral surfaces of the mold to prevent material adhesion. conventional glass ionomer materials (G0, G5, G7) are chemically activated types were allowed to harden in their moulds for 20 minutes. Resin-modified glass ionomer materials (V0, V5, V7) are light-cured materials were polymerized for 40 seconds on both sides with a Heliolux II lightcuring unit (Vivadent Dental GMBH)). The mixed materials were pressed between celluloid strips supported by a glass plates. The excess material was removed; the mold was tightly pressed between two glass plates and cured. Samples were kept in 100% humid environment for 1 hour prior to immersion in deionized water. Each disc sample was immersed in 5ml of deionized water within a plastic vial and incubated at 37C 0 . The release of fluoride was measured at 1,2,3,4,5,10, and 15 days. Deionized water was changed daily. Every time the deionized water was changed, the samples were removed from the vials, rinsed with deionized water for 4 seconds, dried with absorbent paper and re-immersed in new deionized water at 37 C 0 [17] [18] [19] [20] [21] [22] .
Fluoride release in deionized water was measured every determined time over 15 days using fluoridemeasuring unit (NANOCOLOR-300D Photometer MN, Germany, 9 VDC, 8VA) by a standard technique. Two ml of deionized water was extracted from each vial using a micropipette, placed into an individual tube and buffered with 2 ml of the kit supplied with the measuring unit (MACHINARY-NAGEL, MN, 
Test of Zinc Release
Three cylindrical samples 6 mm diameter and 3 mm thickness were prepared from each material to produce a total of 18 samples as the above-described procedures. Zinc release was measured using Buck Model, 210 VGP, Atomic Absorption Spectrophotometer (Buck Scientific, Inc. USA). This device was designed to measure the concentration of elemental metals in solution. It provides integrated measurements in absorbance or emission intensity; as well as sample concentration in comparison to three standard solutions (0.20000, 0.40000, and 0.80000 mg/l) to produce the calibration curve. The buck Scientific standard solution supplied was 1006 g/ml zinc in 2% HNO 3 . The hollow cathode lamp of zinc was connected at 213.9 nm wavelengths, average current 2.0 mA and Air/Acetylene flame. After standardization of the atomic absorption unit by obtaining the calibration curve, auto zero was performed before each measurement. Zinc released in 5ml deionized water at 1,2,3,4,5,10, and15 days were recorded automatically from the device in mg/l.
Test of Aluminum Release
Aluminum concentration was measured in duplicate using the same atomic absorption unit. Three samples were prepared from each material of the same previous dimensions. After setting over a 1-hour, the samples were immersed in deionized water. The same protocol of measurement of zinc ion concentration was followed for measurement of aluminum ion concentration. Aluminum release was calculated for each analyzed day [16, 23] , using the same spectrophotometer. The spectrometry done with nitrous oxide, acetylene (N2O/Acet) flame, a hollow cathode lamp of aluminum was connected at 309.3 nm (wavelength) and average current 3.0 mA. The spectrometry was calibrated and standardized using three standard solutions of 0.2, 0.4, 0.8 mg/l to form the calibration curve. The Buck Scientific standard solution supplied was 100-g/ml aluminum in 2% HCl to be diluted in deionized water until the previous three standard solutions were obtained for calibration of the spectrometry. The daily Aluminum release concentration was recorded immediately from the chart of the spectrophotometer in mg/l.
Antibacterial Test
Three cylindrical samples (6 mm diameter and 3 mm thickness) were prepared from each material to produce a total of 18 samples under aseptic conditions as much as we can. The mixing slab, spatula and stainless steel mold were sterilized in disinfectant solution before mixing, washed in deionized water and air-dried. To prevent bacterial contamination, samples were exposed to UV light for 30 minutes. Soft dentine caries was collected from carious teeth (patients from the out Dental Clinic, Faculty of Dentistry, Mansoura University). Prior to the caries sampling, the patients were asked to rinse their mouths with tap water, and excess liquid was removed with compressed air. Caries was collected using sterile excavator, immersed in the transporting media, and transported within 1 h to the laboratory. The samples were cultured on blood agar, incubated in 5% CO 2 and 95% air at 37C 0 for 2 days.
Isolated bacterial colonies were selected, separated and identified by using automated system (sensitizer). One identified colony of streptococcus mutans was purified by subculture on blood agar plates. Culture purity was determined by these isolated colonies. All bacteria were identified by standard laboratory methods and maintained at stock laboratory cultures [16, 19, 24] .
Briefly, blood-agar plates were used for the agar diffusion test. Bacteria inoculation was performed by dispersion of the microorganisms onto the surface of the blood agar plates using the lawn deposition mode of the spiral platter to give a uniform bacterial coverage. Set samples were placed on the surface of the solid media ( Figure 1 ) and incubated in a candle jar at 37 C 0 for 24 and 48 hours. Afterward, the antibacterial activity of each material was determined by measuring the diameter of inhibition zone in millimeters using a dial caliper (±0.1mm) after 24 hours and repeated after 48 hours. Measurements of inhibition zones were taken at three different positions to compensate for irregularities in the circular shape of the zone. Three plates containing (G0, G5 & G7 samples) and another three plates containing (V0, V5 & V7 samples) were assayed. The measured inhibition halo was equivalent to the mean of the differences between the maximum perpendicular diameters of the samples and the maximum perpendicular diameters of the inhibition halos themselves. On other words the 6 mm sample diameter as the cutoff value. The following rating scale was adopted to quantified the inhibition zone [25, 26] : 
Diametral Tensile Strength Test
Ten samples (6 mm diameter and 3 mm height) were prepared from each material to produce a total of 60 samples for tensile strength testing, 30 samples were tested after 24h and the others tested after 2 weeks of storage in deionized water. All samples were prepared according to ADA specification number 27 and following the manufacturers instructions. The samples were then ejected from their molds and stored in 20 ml of deionized water at 37± 1 0 C. The samples were placed with its diameter coinciding with the directions of the compressive force from the platens of the testing machine. Lloyed Testing machine (LS 500 LTD. England) was used at a crosshead speed of 2.0 mm/min and the load was applied to the diameter of the specimens. The maximum load applied to fracture the specimens was recorded. The diameral tensile strength was recorded in MPa from the following equation [27] :
Diametral tensile strength= 2P DL
Where P is the maximum load applied (N), D is the measured diameter of the samples (mm); L is the length of the samples (mm).
Hardness Test
Ten samples were prepared from each material as mentioned before of the same dimensions and conditions. Vickers hardness measurements were taken at 24 hours and 2 weeks of water storage using a microhardness tester (FM, Future Tech Corp. Tokyo, Japan). The applied load through the indenter of the microhardness tester was 50 gf for 5 seconds [27] . Vickers hardness number (VHN) corresponding to each indention was calculated automatically by measuring the dimensions of the indentation made by the testing machine. The mean of three indentions was obtained for each sample. The total mean of ten samples was calculated for each material and expressed in VHN.
Statistical Analysis
Two-way analysis of variance (ANOVA) was used to detect any significant difference among the tested groups. When significance effects were detected, least significance difference test (LSD) was used to determine the significant difference between groups.
RESULTS

A. Fluoride Release
The six materials (2 original and 4 modified) tested released fluoride throughout the selected times of this study. The daily amount of fluoride released over 2 weeks is shown in Tables 2 & 3 and Figure 2 . A twoway ANOVA was carried out to compare between the different materials at different times. The interactions between the materials and the studied times were highly significant (P<0.001). The statistical analysis showed highly significant effect of time interval on the fluoride released by the materials (P <0.001). The pattern of fluoride release for the different materials was similar, but there were great differences in the amount of fluoride released. G.C.R. released the highest amount of fluoride compared to vitremer glass ionomer. All materials showed significantly higher initial fluoride release rates during the first two days. After the first two days, fluoride release rates dropped quickly and became nearly stable within two weeks. Addition of zinc improves significantly fluoride release for all materials (P<0.001).
B. Zinc Release
Patterns and amounts of zinc release from the principle and zinc-modified materials from 1-15 days The interactions between the materials and studied times were highly significant (P<0.001). After the first three days, LSD test showed that release of zinc was not statistically significant between original and modified materials. There was positive and highly significant correlation between zinc and fluoride released (Tables 14, 15 ). Vitremer materials released zinc ions higher than that of G.C.R restorative materials.
C. Aluminum Release
The recorded mean values and standard deviations of aluminum release from each material at each test interval are presented in Tables 6 & 7. Both of principle and modified materials released significant amount of aluminum ions. Two-way ANOVA test showed highly significant differences (P<0.001) in aluminum release among the materials at most of the test intervals. The statistical analysis showed significant effect of the added zinc and time interval on aluminum released (P<0.001). The time factor and materials interactions revealed highly significant differences (P<0.001). Figure 4 shows G.C.R. (G0, G5, &G7) released more aluminum than that of vitremer did (V0, V5, &V7). The increase the addition of zinc, the greater the released amount of aluminum. There was positive and highly significant correlation between aluminum, zinc and fluoride released (Tables 14, 15) . LSD test showed no significant differences between modified and unmodified materials after three days. 
D. Antibacterial Action
The means of zones of bacterial inhibition for each material are presented in Tables 8 & 9 . G.C.R. glass ionomer materials exhibited the largest zones of bacterial inhibition against Streptococcus mutans ( Figure 5 ). There were highly significant differences between zinc modified and unmodified glass ionomer samples in bacterial inhibition (P<0.001). The time factor has significant effect on bacterial inhibition in case of G.C.R. glass ionomer (P<0.001), but has no significant effect in case of vitremer glass ionomer (P>0.05). The interactions between the materials and time intervals was significant (P<0.05) in G.C.R. materials, while it was not significant in vitremer materials (P>0.05). The G.C.R. materials were more effective than vitremer materials in inhibiting Streptococcus mutans growth. G.C.R. materials showed positive and highly significant correlation between zinc, fluoride release and antibacterial action ( Table 14) . No significant correlation was found between fluoride or zinc or aluminum released and the antibacterial action of vitremer materials (Table 15) . According to the previous classification scale, unmodified G.C.R group (G0) showed medium bacterial inhibition (1 o ), while zinc-modified groups (G5 & G7) showed maximum bacterial inhibition (3 o ). (Figure 6 ). There were no significant changes in the diametral tensile strength of G.C.R. after storage in water for 2 weeks (P>0.05). The interactions of the materials and the time intervals were not significant for G.C.R. materials (P>0.05). Vitremer materials showed highly significant increase in diametral tensile strength after storage in water for 2 weeks (P<0.001) except for samples of 7% zinc sulfate (Figure 6) . LSD test showed that, addition of zinc to both types of glass ionomer materials did not affect the diametral tensile strength of these materials, except for vitremer (V7) after 2 weeks of storage. The interactions of the materials and the time factor showed significant changes in case of vitremer materials (P<0.05). A negative higher correlation was found between the diametral tensile strength of G.C.R. and fluoride, and zinc released, i.e., restorative materials with high fluoride release have lower mechanical properties ( Table 14) . No significant correlation was found between fluoride or zinc or aluminum released and the diametral tensile strength of vitremer materials (Table  15 ).
F. Hardness
The mean hardness values and standard deviations of all materials were presented in Tables 12 and 13. G.C.R. materials exhibited lower hardness than that of vitremer materials Figure 7 . Vitremer samples stored in water for 2 weeks exhibited high significant increase in hardness than that of 24 hours (P<0.001). A two-way ANOVA test showed highly significant differences in hardness of the different materials at different times (P<0.001). LSD test showed no significant differences between G.C.R. materials (G0, G5 & G7). The interactions between the materials and the studied times were significant (P<0.05) for vitremer only. A negative higher correlation was found between the hardness of the materials and fluoride, zinc, and aluminum released, i.e., restorative materials with high fluoride, zinc and aluminum release have lower hardness (Tables 14, 15 ).
DISCUSSION
Glass-ionomer cements have their weaknesses, the prime ones being lack of toughness, early water sensitivity. So many attempts were done to improve its mechanical properties. Fiber reinforcement increased the diametral tensile strength, hardness, flexural strength, flexural modulus, and fracture toughness of the conventional glass-ionomer restorative material [28] . Also, addition of zirconia (ZrO 2 ) nanparticles was improved the performance of glass-ionomer [29] . The mechanical tests were conducted using a Lloyd universal testing machine with a crosshead speed of 2 mm / min [28] .
Numerous investigations have been performed on fluoride release from dental materials. Diversity of methods and experimental protocols prevents comparison of results of different experiments. In this study one conventional and one resin-modified glass ionomer restorative material were used. These two materials were modified by addition of 5% and 7% zinc sulfate to produce 6 products for testing. The modified and unmodified glass iomomer released fluoride, zinc, and aluminum which varied with time. This means that the pattern and the speed of release of any ions are not similar among the various restorative materials.
In this study, it is shown that conventional glass ionomer released more fluoride than the resin-modified glass ionomer materials. These results in agreement with other studies [18, 30] . These differences in fluoride release rate could be explained by the following considerations:
1.
For conventional glass ionomer, after powder and liquid are mixed together, the ion-leach able glass is decomposed by proton attack at the surface, and subsequently fluoride and aluminum ions are liberated from the glass particles. These ions are dispersed homogeneously though the matrix regions of a set material and is available for elution for a long period after setting [31] .
2.
In resin-modified glass ionomer cements, Wilson (1990) [32] described the setting reaction as a dual setting one, in which both acid-base, and photo-polymerization take place. Fluoride release was affected by the acid-base reaction that occurs during setting of glass ionomer.
3.
The type and amount of resin used for the lightcuring reaction of resin-modified glass-ionomer influence fluoride release. It was assumed that, in the set materials, fluoride ions might be firmly encapsulated by the resin matrix and that consequently its fluoride release rate into an aqueous environment might be smaller and slower than that of conventional glass-ionomer [31] .
4.
The powder/liquid ratio could also affect the rate of fluoride release, a lower ratio results in increased solubility and fluoride liberation. The way of mixing are also important factor in fluoride release, encapsulated or hand mixed, and various mixing times of glass-ionomer cements.
Generally hand-mixed specimens released significantly less fluoride than those prepared by mechanical trituration. One possible explanation for this observation is that the trituration may enhance the reaction between glass particles and cement liquid. The enhanced reaction would increase the volume fraction of the cement matrix and would decrease that of the unreacted particles in the structure. Fluoride tends to be preferentially released from the cement matrix rather than from the glass particles, therefore, trituration would increase the amount of fluoride available for release because of the increased volume fraction of cement matrix [33] .
These results in the large surge of ion release in the first few days as the material sets and the majority of glass species react. In agreement with previous studies [20, 34] , this experiment showed that the highest initial fluoride release rates during the first 2 days, dropping quickly over 2 weeks. The high concentration observed in the first days is called the burst effect of fluoride.
The highest leakage of fluoride release occurred during the first week with the most rapid release during the first 24 hours. Independently of the amount of fluoride released by each product. This observation is confirmed by many other authors [6, 9, 11, 18, 20] . During the second week, the fluoride release was substantially lower and thereafter gradually and slowly leveled. The elution of fluoride occurs as two different processes. The first is characterized by an initial burst (1) of fluoride release from the surface, after which the elution is markedly reduced. The first process is accompanied by a second bulk diffusion (2) process, in which small amounts of fluoride continue to be release into the surrounding medium for a period up to 2-2.5 years [35] .
Specimens with higher zinc sulfate content showed higher zinc release on the first day followed by marked reduction slow zinc release up to 2 weeks. The results showed that, resin-modified glass-ionomer materials released less zinc than the conventional glass ionomer materials, these results in disagreement with other study [19] . There were very small zinc releases from the samples prepared with the original materials (V0 and G0). These results were in agreement with some authors had reported zinc presence in glass-ionomer cements [13] , and against other study [19] .
In the present study, the increase in zinc addition to both conventional and resin modified glass-ionomer cement increased the release of fluoride, zinc and aluminum ions. The amount of fluoride released in the present study was determined in neutral environment. However, lowering the pH of the storage medium increases fluoride release. In the oral environment this could be the case especially with a plaque induced acidogenic challenge. Normally, under acidic conditions such as found under established plaque, there is an increased fluoride release from glass-ionomer materials [36] .
Aluminum is a major constituent of glass ionomer cements, during mixing and setting aluminum is released from the glass into the polyalkeonic acid solution. Part of this aluminum may combine with the polyalkeonic acid, but may be released from the cement. The present study showed that the chemically cured glass-ionomer released more aluminum than that of the light-cured glass-ionomer; this result was in agreement with other authors [15] . Most of the aluminum ions leached out by seven days, which may affect the measured fluoride during this period. The measured fluoride concentrations were not affected by a small amount of released aluminum from the glass ionomers immersed longer than seven days [37] .
The present study showed that G.C.R. restorative materials released more fluoride and aluminum ions than that of Vitremer during 2 weeks. This result in agreement with other authors concluded that there was a highly significant positive correlation between aluminum and fluoride release [38] . The released aluminum from glass-ionomer restorative materials was the most effective in reducing the acidogenecity of S. mutans biofilms. It also significantly affected both biofilm formation and composition. Thus, the released aluminum by ionomeric materials my enhance the biological effects of fluoride. Aluminum released from dental materials plays an important role in inhibiting bacterial metabolism and growth by enhancing the biological activities of fluoride [16] .
All freshly cured glass ionomer materials released aluminum and fluoride concentrations far above what is considered cytotoxic (aluminum >0.2 ppm and fluoride > 20ppm). Cytotoxic effects were observed when ionomeric cement was not carefully protected from fluid contact for the first two hours after mixing. This was due to forced fast elution of large amounts of cementconstituting fluoride ions and aluminum ions and to the development of acid valences and their interactions. Ionomeric cement should be kept dry and protected from any fluid contact for at least 30 minutes after mixing. Contact with soft tissue should also be avoided for this time. Therefore the pH of these materials may promote an acidification of the medium, thereby creating a condition unsuitable to bacterial growth [39] . With a hardening time of 30 minutes, the quality and biocompatibility of glass ionomeric cement could be substantially optimized by coating it with PDS sheeting [40] .
The agar diffusion test has been widely used to evaluate the antibacterial activity of dental materials. For this method the zones of growth inhibition provided by the materials depend on the toxicity of the material against the bacteria tested, and the diffusibility of the material across the culture medium used. A material that diffuses more easily will probably provide larger zones of inhibition. It has been assumed that the antibacterial effects of glass ionomer cements are the results of the release of fluoride and zinc ions from the materials. In addition, dual setting, which is a characteristic of some glass ionomer cements such as Vitremer, causes a slow acid-base reaction with consequently prolonged low surface.
The bacterial strain used throughout the experiments was S. mutans, reflecting the important role of this microorganism in caries etiology. The differences in bacterial inhibition between these materials may be related to their inherent potency, to different solubilities and hence elution from the material, to the interaction between the material and the agar constituents, or to the synergistic interactions between the released metal ions and fluoride ions [41] .
Zinc presence increased the growth inhibition halos for all tested materials. The results showed that, the G.C.R. material released more zinc and produced larger inhibition halo than that of Vitremer material. The results of the present study showed that G.C.R. released the highest amount of aluminum and was the most effective in S. mutans inhibition than that of Vitremer glass-ionomer material. These results were in agreement with other study [16] , which suggested that aluminum released by ionomeric materials might enhance the biological effects of fluoride and reduction of the acidogenicity of S. mutans biofilms.
The results of this study showed that, the higher the addition of zinc sulfate, the higher the amount of fluoride released which reflected in the improved antibacterial action of the material without significant effect on the diametral tensile strength of the tested G.C.R. materials. In a previous study [18] , the dualcured material, showed no change in diametral tensile strength when aged up to 7 months in distilled water. It was therefore concluded that fluoride release had no effect on tensile strength. Chemically cured glass ionomers showed a slight increase in compressive strength over time when aged to 356 days.
Therefore, any additive with the ability to enhance the antimicrobial effect of the glass ionomer restorative materials without counteracting their physical and fluoride release properties would be of great value. Addition of 7% zinc sulfate to glass ionomer powder caused reduction to the diametral tensile strength and hardness than 5% did. All tested materials exhibited increased diametral tensile strength and hardness during storage in water for 2 weeks. Some authors [42] stated that the cements and resins were not weakened by the loss of fluoride.
G.C.R. showed higher fluoride release and lowered diametral tensile strength and hardness than that of Vitremer restorative material. This result is in accordance with the study [43] , which demonstrated that restorative materials with higher initial fluoride release have lower mechanical properties. The results of this study showed that the resin-modified glass ionomer materials (vitremer) have shown higher diametral tensile strength than conventional glass ionomer materials (G.C.R.). The tested materials presented an increased diametral tensile strength from 24 hours to 2 weeks. These results were comparable to that obtained by other researchers [44] .
CONCLUSIONS
Within the Limitations of this Study, the Following Conclusions were Drawn:
1.
Fluoride release occurred from all of the materials evaluated over the 2-weeks testing period. There was considerable quantitative in the release among the materials.
2.
The patterns of fluoride, zinc and aluminum release from the materials were similar. Release peaked within the first few (2 to 3) days of the material being placed in the deionized water, dropping quickly over 2 weeks.
3.
Fluoride, aluminum and zinc release over the test period from the conventional glass ionomer was higher than that from the resin-modified glass ionomer.
4.
The increase in zinc addition, the increase the amount of fluoride, zinc and aluminum released from glass ionomer restorative materials, which reflected in bacterial growth inhibition.
5.
Aluminum and zinc release can enhance the inhibitory activity of fluoride.
6.
The conventional glass ionomer showed larger inhibition halo of S. mutans than that of the resinmodified glass ionomer.
7.
The unmodified materials showed a range from no microbial inhibition to medium inhibition (0 o -2 o ), on the other hand zinc modified materials showed maximum bacterial inhibition (3 o ).
8.
Zinc sulfate addition, either 5 % or 7%, did not threaten the diametral tensile strength and hardness of the materials after 24 hours and 2 weeks.
9.
The mechanical properties of the tested materials were increased by storage in deionized water for 2 weeks. The conventional glass ionomer cement (G.C.R) showed the lowest diametral tensile strength and hardness.
10. Restorative materials (G0, G5 & G7) with high fluoride release have lower mechanical properties.
11. G.C.R glass ionomer materials showed positive and highly significant correlation between fluoride, zinc, aluminum released and the antibacterial action. There were negative and highly significant correlation between the ionic release and the mechanical properties tested. i.e., restorative materials with high ionic release have lower mechanical properties.
12. Vitremer glass ionomer materials showed positive and highly significant correlation between fluoride, zinc and aluminum release. There was no significant correlation between ionic release and antibacterial action. There were negative and highly significant correlation between the ionic release and the mechanical properties studied.
Clinical Significance
Some studies have demonstrated inhibitory effects of dental materials on bacterial growth. The presence of bacteria in prepared cavities may cause pulpal pathosis.
We believe that the remaining microorganisms in dentinal tubules can be eliminated by the release of fluoride, zinc and aluminum ions from the restorative materials.
